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Introduction

The ZXCT199/21x series features a voltage output and current-sensing circuit designed to detect a wide common-
mode voltage range applied to the current-sensing resistor, with a range from -0.3V to 26V. The ZXCT199/21x
series are equipped with internally fixed gains, offering multiple options from 50V/V to 1000V/V. The advantages
include low input offset voltage and minimum 10mV differential voltage sensing across the current-sensing
resistor.

With an operating range of 2.7V to 26V and drawing a maximum supply current of 100uA, regardless of their
chosen gain these circuits exhibit operational temperature range from -40°C to +125°C.

Applications

Notebook computers

Server farms

Telecoms

Current sensing (high-side/low-side)
Battery charging and discharging
High-performance video cards
Industrial power supplies
Instrumentation

Control systems

Metering

Internal Circuit Block Diagram and Pin Descriptions

V+ (PIN3)

ZXCT199/21X

GND (PIN2)

Figure 1. Internal gain diagram
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Pin name

REF

GND

V+

The ZXCT199/21x DEMO board shown in Figure 2 includes one SOT363-packaged unit (ZXCT199/21x), one
decoupling capacitor at the power supply end, one interference suppression capacitor at the input end, two
voltage divider resistors for selecting Vrer, one selector for connecting different voltages to the Vrer terminal, and

Pin number | Description

Reference voltage: 0V~V+
2 Ground
3 Power supply: 2.7V~26V
4 Connect to supply side of current-sensing resistor
5 Connect to load side of current-sensing resistor
6 Output voltage

Table 1. Pin descriptions
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Figure 2. Demo board overview

six test point connectors (R3 and R4 omitted).

AN1185 - Rev 1
Application Note

20f11

www.diodes.com

© 2024 Copyright Diodes Incorporated. All Rights Reserved.

AN1185



http://www.diodes.com/

®
I N €C O R P ORATED

Load J1
l l R3
Load O 1
R<10
Rshunt
ViN 005
+
10 ~
R4
Supply O I I I
R<10
Ja J2
Supply

Figure 3 shows the demo board circuit. In the diagram, R1 = R2 = 10kQ, R3 =R4 =0, C1 =C2 = 0.1uF/50V (C2
value can be adjusted as needed). J11 is used to select different settings at the Vrer terminal: when the shorting
cap is not connected, users can set a voltage between 0 and V+ at J6. There are two other shorting options: one
connects to GND, and the other connects to V+/2.
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Figure 3. Demo board overview

Output Voltage Calculation Based on Input Current

Vout = Vout-Vrer = ViN * gain = lout * Rshunt * gain

The voltage difference between the output terminal and the reference terminal is equal to the input current
multiplied by the shunt resistor value multiplied by the gain. This calculation allows you to determine the output

voltage based on the input current, the shunt resistor value and the chosen gain.

Recommended Application Circuit
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ZXCT199/21X

ADC MCU

O (PIN2)
Figure 4b. Recommended application circuit

In common applications, the circuit shown in Figure 4a is often used, while the circuit shown in Figure 4b is less
common. In Figure 4a, the ADC’s in-pin is connected to the microcontroller's (MCU’s) ground pin. This circuit has
the advantage that the ADC input voltage is always equal to (V1.0-V2.0) x gain, regardless of how the Vrer pin
is connected. This means that only one measurement is needed to obtain the desired data, which reduces the
workload of the ADC and MCU and improves efficiency. In contrast, the circuit shown in Figure 4b requires the
measured data to be subtracted from Vrer, and this Vrer value must either be set in advance or measured
separately. This increases the workload of the MCU.

Typically, the power supply voltage for the ZXCT199/21X is set to 5V or 3.3V, and the input voltage range of the
ADC is 0V~5V or 0V~3.3V, respectively. Since the ADC and MCU must have compatible voltage levels, it may
be necessary to use a level-shifter circuit to convert the signals between the two devices if they operate at different
voltages.

If there is interference, filters should be added to the input and output sections as necessary to filter out the
interference signals and improve stability.

Reference Voltage Applications

VS+ VST VS+
Q Q 0
u1
AS2333/2376
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AS431
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I:IRZ
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Figure 5a, 5b, 5c. Reference voltage applications

Three common Vrer circuits are shown in Figure 5. The simplest and most cost-effective circuit is shown in Figure
5a. However, the input resistance of the subsequent circuit can introduce a small offset in the Vrer signal. To
reduce this offset, an isolation amplifier can be added as shown in Figure 5b. This results in a more accurate Vrer
signal. The most accurate Vrer signal can be obtained using a dedicated reference voltage circuit, as shown in
Figure 5c.
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The most important feature of the Vrer pin of the device is to shift the output voltage, increasing the flexibility of
the application. When the input voltage Vin (Vin = Vin+ - Vin-) is 0, the output voltage Vour (voltage from the output
to ground) is Vrer. When the input voltage Vin = Vi, the output voltage Vout = Vrer + gain * Vin.

To measure bidirectional symmetrical current, set the Vrer voltage to half of the supply voltage (VS+/2). For
unidirectional positive current, set the Vrer voltage to 0.5V (or 0.2V, etc.). This will give the output voltage a range
of 0.5V to 4.5V (or 0.2V to 4.8V). At zero current, the output voltage will be equal to Vrer. At maximum current,
the output voltage will be at its highest value. This increases the dynamic range of the output voltage.

Similarly, to measure unidirectional negative current, set the Vrer voltage to 4.5V (or 4.8V, etc.). This will give the
output voltage a range of 0.5V to 4.5V (or 0.2V to 4.8V). At maximum current, the output voltage will be equal to
Vrer. At minimum current, the output voltage will be at its lowest value. This also increases the dynamic range of
the output voltage.
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Output Noise Filtering

If the recommended application circuits do not meet your requirements, the following may be considered to
improve the performance of the application circuitry.

; U2
R AS2376
VOUT O_:
1 O ADC
Tc3
O GPIO1
O GPIO2

Figure 6b. Output noise filtering

In Figure 6a, R3 and C3 act as a low-pass filter to remove high-frequency noise from the output signal and
stabilize the output voltage waveform, which is beneficial for the subsequent ADC block. If the ADC needs to
drive a large current, it is recommended to insert a driving op-amp to better suppress noise, improve current
driving capability and reduce the impact on the output voltage amplitude of ZXCT199/21x. Figure 6b is useful for
applications that only need to detect large signal current instead of specific/precise current.
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Front-End Filtering Error
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Figure 7. Front-end filtering error

Due to harsh application environments, long leads or strong electromagnetic interference, the output of the
ZXCT199/21x may be unstable. In certain cases, it will be necessary to include an RC filter network (including
RS1, RS2 and CF) to the front end to reduce interference, and stabilize the output to facilitate the backend work.
As shown in Figure 7, this also introduces adverse factors such as gain error.

Furthermore, to reduce interference of backend work, the impact of RS has been calculated. To meet the
requirements, the lowest resistance should be used. The calculation for the -3dB point frequency of this low-pass
network is:

f (-3dB) =1/ (2m(RS1 + RS2)CF)
The gain error factor caused by the increase in resistance can be calculated from the following formula:

(1250 X R|NT)
(1250 X Rs) + (1250 X RINT) + (Rs X R|NT)

Gain Error Factor =

In this case, RinTis the equivalent resistance of R1 and R2, which are the internal resistances of the circuit.

Gain Error Gain Error % *
Factor Equations Rs=10 Q Rs=20 Q Rs=30.1 Q

Product

20,000
(17 - Rs) + 20,000

ZXCT199x1 | 50 20000 0.8428% 1.6716% 2.4947%

10,000
(9 - Rs) + 10,000

ZXCT199x2 | 100 10000 0.8920% 1.7682% 2.6375%

1,000 . . .
ZXCT199x3 | 200 | 5000 Ro+'1,000 0.9608% | 1.9608% | 2.9126%

*The percentages shown should be rounded to 2 significant figures. The excess can be used to check calculations. This is for a typical semiconductor process.

As the value of RS increases, the gain error of the circuit increases due to the increasing error factor. If the
resistance values of RS1 and RS2 are not equal, this introduces an input offset voltage (Vos), which further
causes the output voltage to offset. Therefore, it is recommended to avoid using RS whenever possible. If RS
must be used, the resistance value should be as small as possible and the two resistors should have the same
resistance value. In applications that require high-frequency current detection (such as transient overcurrent
protection), a low-pass filter should not be used at the input end in order to accurately reflect the reading.
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Input/Output Voltage Range and Current Monitoring

Output voltage range

The ZXCT199/21x is a rail-to-rail output device, but considering the measurement accuracy and errors of the
subsequent ADC, it is recommended to set the output voltage range between 0.2V and 4.8V (for 5V applications)
to minimize the impact of the subsequent circuit on the output voltage amplitude of the ZXCT199/21x.

Input voltage range (current-sensing resistor selection)
The selection of the current-sensing resistor is determined by the input/output voltage range.

Rshunt = (Vout - Vrer)/(lout * gain) where:
Rshunt is the resistance of the current-sensing resistor
Vour is the output voltage
Vrer is the voltage reference voltage
lout is the maximum current
Gain is the gain of the op-amp

Bidirectional current sensing

In a bidirectional current-sensing application, set V+=5V, Vrer=2.5V and output voltage range at 0.5V~4.5V.
When no current flows through the current-sampling resistor, theoretically, Vour=Vrer=2.5V.

When the forward current flows, the output voltage range is 2.5V~4.5V, and the dynamic range is 4.5V-2.5V=2V.

When the reverse current flows, the output voltage range is 0.5V~2.5V, and the dynamic range is also 2V (which
can also be considered as -2V).

For example, if the ZXCT213 is used: gain=50.

According to the formula, V1-V2=2000/50=40mV.

In other words, Vin=40mV=Rshunt X licad(MAX).

Take the current value with the larger absolute value in the bidirectional current, and then the minimum resistance
value of the current-sampling resistor can be determined: Rshuntovingy =40mMV/licadmax).

Unidirectional current sensing

In a unidirectional current-sensing application, only one direction of current needs to be detected, which expands
the dynamic range of current.

Set V+=5V, Vrer=0.5V and output voltage range 0.5V~4.5V. When no current flows through the current-sampling
resistor, theoretically, Vour=Vrer=0.5V.

Therefore, the dynamic range is 4.5V-0.5V=4V.
According to the formula, V1-V2=4000/50=80mV.
80MV=Rshunt X lioadMax), SO Rshuntminy=80mMV/lioad(MAX).

Under the allowed power consumption, a larger Rsnunt Value is preferred to reduce the error with small current.

Maximum current-sensing resistor value

The maximum current-sensing resistor value depends on the Vos, the minimum measurable lobad and the
resolution and accuracy of the ADC.

Assuming that the absolute value of the minimum measurable current is Iwin, the measurement error is within
10%, and the input offset voltage of the device is, say, 50uV, then the voltage of Imn flowing through Rshunt must
be greater than or equal to 450V, then Rshuntmaxy=450(pV)/Imin.

This is critical at small currents; when the current is large, the relative proportion of the input offset voltage is
reduced, and the impact is irrelevant.
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Device Output Voltage Errors
Device output voltage errors can affect the accuracy of measurement. These errors can be caused by the

following factors:

Input offset voltage and its temperature drift

Gain error and its temperature drift
If there is an additional RC filter network at the input end, the mismatch of the two resistor values will

also introduce errors (equivalent to adding another Vos source)
Vrer deviation

Recommendations:

For the first and second items, the error can be improved by using higher-grade devices (C-grade).
For the third item, the error can only be improved by using better types of resistors, such as metal film
resistors, or by using closed high-precision resistors.

For the fourth item, the error can be improved by using Figure 4a (automatically tracks Vrer, ignoring
the impact of Vrer deviation) or Figure 5b (reduces the impact of device input resistance).
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Layout and Current-Sensing Resistors

A current-sensing resistor (or other filter RC) should be placed as close as possible to ZXCT199/21x, with leads
as short as possible and of equal length. The Kelvin connection structure is preferred, as shown in Figure 8d.

@ Current @ Current

CarryingWace Rggnse Carrying Trace Rggnse

— | > |— —> —b

//////ng;wectRouUng
IN+ Technique  |N- IN+ IN-

Current @ Current

Carrying Trace Rggnse Carrying Trace Rggnse
L
—_ N —_ — | [ =
IN+ IN- IN+ IN-

Figure 8. Current-sensing resistor layout

The structure shown in Figure 8a is not recommended, as it increases the value of the current-sampling
resistor; the voltage should be taken directly from the two ends of the sampling resistor. If a more cost-
effective solution is preferred, the structure shown in Figure 8c can be considered.

The maximum current and rated power values of a current-sensing resistor are critical factors to consider when
designing a current measurement application circuit. The maximum current value determines the maximum
current that can flow through the resistor without damaging it. The rated power value determines the maximum
power that the resistor can dissipate without overheating.

A larger current-sensing resistor value will reduce the relative error caused by system offset, gain error and drift.
This is because the voltage drop across the resistor is proportional to its resistance. Thus, a higher resistance
results in a smaller voltage offset error impact.

However, a larger current-sensing resistor value will also increase power consumption. This is because the power
dissipated by the resistor is proportional to the square of the current flowing through it. Therefore, it is important
to choose a proper resistor value that balances the need for accuracy with tolerable overheating impact.

In practice, a current-sensing resistor value is often chosen between the minimum and maximum current and
rated power. This allows for the best possible trade-off between accuracy, power consumption and cost.

Figure 9. Most common current-sensing resistors
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IMPORTANT NOTICE

1. DIODES INCORPORATED (Diodes) AND ITS SUBSIDIARIES MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
WITH REGARDS TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

2. The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes’ products
described herein and application examples. Diodes does not assume any liability arising out of the application or use of this document or any
product described herein. This document is intended for skilled and technically trained engineering customers and users who design with
Diodes’ products. Diodes’ products may be used to facilitate safety-related applications; however, in all instances customers and users are
responsible for (a) selecting the appropriate Diodes products for their applications, (b) evaluating the suitability of Diodes’ products for their
intended applications, (c) ensuring their applications, which incorporate Diodes’ products, comply the applicable legal and regulatory
requirements as well as safety and functional-safety related standards, and (d) ensuring they design with appropriate safeguards (including
testing, validation, quality control techniques, redundancy, malfunction prevention, and appropriate treatment for aging degradation) to
minimize the risks associated with their applications.

3. Diodes assumes no liability for any application-related information, support, assistance or feedback that may be provided by Diodes
from time to time. Any customer or user of this document or products described herein will assume all risks and liabilities associated with such
use, and will hold Diodes and all companies whose products are represented herein or on Diodes’ websites, harmless against all damages
and liabilities.

4. Products described herein may be covered by one or more United States, international or foreign patents and pending patent
applications. Product names and markings noted herein may also be covered by one or more United States, international or foreign
trademarks and trademark applications. Diodes does not convey any license under any of its intellectual property rights or the rights of any
third parties (including third parties whose products and services may be described in this document or on Diodes’ website) under this
document.

5. Diodes’ products  are provided subject to Diodes’ Standard Terms  and Conditions of  Sale
(https://www.diodes.com/about/company/terms-and-conditions/terms-and-conditions-of-sales/) or other applicable terms. This document
does not alter or expand the applicable warranties provided by Diodes. Diodes does not warrant or accept any liability whatsoever in respect
of any products purchased through unauthorized sales channel.

6. Diodes’ products and technology may not be used for or incorporated into any products or systems whose manufacture, use or
sale is prohibited under any applicable laws and regulations. Should customers or users use Diodes’ products in contravention of any
applicable laws or regulations, or for any unintended or unauthorized application, customers and users will (a) be solely responsible for any
damages, losses or penalties arising in connection therewith or as a result thereof, and (b) indemnify and hold Diodes and its representatives
and agents harmless against any and all claims, damages, expenses, and attorney fees arising out of, directly or indirectly, any claim relating
to any noncompliance with the applicable laws and regulations, as well as any unintended or unauthorized application.

7. While efforts have been made to ensure the information contained in this document is accurate, complete and current, it may
contain technical inaccuracies, omissions and typographical errors. Diodes does not warrant that information contained in this document is
error-free and Diodes is under no obligation to update or otherwise correct this information. Notwithstanding the foregoing, Diodes reserves
the right to make modifications, enhancements, improvements, corrections or other changes without further notice to this document and any
product described herein. This document is written in English but may be translated into multiple languages for reference. Only the English
version of this document is the final and determinative format released by Diodes.

8. Any unauthorized copying, modification, distribution, transmission, display or other use of this document (or any portion hereof) is
prohibited. Diodes assumes no responsibility for any losses incurred by the customers or users or any third parties arising from any such
unauthorized use.

9. This Notice may be periodically updated with the most recent version available at https://www.diodes.com/about/company/terms-and-
conditions/important-notice

The Diodes logo is a registered trademark of Diodes Incorporated in the United States and other countries.
All other trademarks are the property of their respective owners.
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